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Description 

Background '■ * ' 

5 The skin is the largest organ in the human-body and consists of twp : components, the epidermis and the 
dermis. The dermis is* relatively iri^stnMire 'wliich'consists 1 of collagen and other matrix materials. The 
epidermis lies above the dermis and Is separated from It by a basement membrane. - ; ^ ; 

™^? id ?™^ VeneWaj 5i and is regenerated approximately elwry; 26 days. The 

major cellar • constituent ! joif ' me' : bpidermis < is ttie* ! kerafirTocyte 1 ; whlbh provides an enviro^e^tfd? non- 
70 keratinocytes (e;g.v mel^bcytesf^ Ivierkei deils and various jrnmunological cbllsfwhich also 
occur in the epidermis. Keratinocytes are ceils which produce keratin, an insoluble fibrous protein, arid are 
able to form a stratified squamous epithelia. Like other cells in the body, keratinocytes contain an entire 
complement of all genetic material. Only a small percentage of the genes contained in keratinocytes are, 
however, expressed at levels which are biologically functional; that is, 'most of the genes in keratinocytes 
75 are not expressed at all or are expressed at such low levels that th^ polypeptides they encode are 
produced in undetectable amounts or concentrations which are biologically non-functional or insignificant. 
Like the epidermis, corneal epithelia and conjunctival epitfielia are ; stratified squamous epithelia and the 
predominant cell in each of these tissues is the keratinocyfe'. Keratin is to a large degree responsible for the 
mechanical protective function of the epidermis. In addition, the epidermis J acts as a barrier layer which 
20 prevents toxic substances and microorganisms from entering the skin arid water and electrolytes from beina 
lost. ' ' ' ^ : ■ ■■■■■■■ « • y 

The epidermis consists of two major layers. Outermost is the stratum cbrneum, which is a laminated 
layer of anucleate corhified cells. Next Is a succession of viable inner cell lasers, referred to as the 
malpighian layers from which the corn ified cells arise. The malpighiah layers are the baskl cell layer, the 

25 stratum spinosum and the stratum granulbsum: The basal ceil layer, which lies adjacent to the basement 
membrane, is the germinative layer in which the majority of cell division occurs. Trie stratum spinosum is a 
layer of flattened nucleated cells having characteristic : keratohyallne granules! The stratum granulosum lies 
between the stratum spinosum -and the stratum cpmeurh and is ; considered transitional between the 
nucleated cells of the former and the anucleate;cells of the latter: ' ^ • ;X 

30 As the cells divide in the basal F layer,' ihe^oye upward and progress 'to the other epidermal layers. As 
they progress;/ the keratinocytes undergo crmn^ These changes 

result in the viable; metabdHcaily active cells being' transformed into ^e n anu6leate, cornified cells of the 
homy layer; these' ceils consist 6f keratin fi^ by a cross linked protein envelope. This 

progressive trahsformMion is retired to /r: - — - - 

as Epidermal cells are considered to occur in proliferative units or columrfe; The base of each column is a 
group of basal cells, which are classified ; as joeripheraTo whether they lie beheath the 

periphery or the center of the column. Th& cehtralbas^ cell divides- some of "the resulting daughters in turn 
divide and move to peripheral basal positions, the peripheral basal cells then progress ur through the 
successive epidermal layers. They are transformed into : keratinized sguamousx^ Which ultimately flake 

40 off and are lost from the' body. The central basai cells, however, are stem cells. Descendants of these stem 
cells will not die throughout the individual's lifetime. fhe^'BSsal W 11 ^^ and each time they 

divide, an immortal daughter cell results? The other daugWer ^ 

cells and are ultimately shed from the body. The epidermis is J ohe of only a few tissued in the body which 
undergo constant cell renewal; these include other epithelia, such as the lining of the small intestine, and 

45 bone marrow. ' 1 . '* •' 

It is possible, using methods developed in recent years to attain interspecies genetic recombination. 
Genes derived from totally different biological classes are able to replicate and be expressed in a selected 
microorganism. Therefore, it Is possible to introduce into a microorganism genes specifying a metabolic or 
synthetic function (e.g., hormone synthesis, protein synthesis, nitrogen fixation) which is characteristic of 

50 other classes of organisms by linking the foreign genes to a particular viral or.plasmid replicon. 

Since the late' 1970s, progress has been made toward the development of general methods for 
introducing cloned DNA sequences into' mammalian cells. At the present 'however/ ifiere is a need for 
an effective method of introducing genetic material into epithelial cells and enable them to express genetic 
material which they db hot usiiaiiy^ebqxess.^ ' ' ■ ^ " X: *° :v 7--' ; '" ■ * 

56 The invention described herein is based on the introduction 'into epithelial cells of foreign genetic 
material or genetic material riot normally expressed in biiDlbgicaMy sighificant 'concentrations in such cells. 
The Invention provides transplantable epithelial cells (e.g. keratinocytes) 1 which express- foreign genetic 
material not normally expressed by the cells at biologically significant levels. 
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The foreign genetic material can be DNA or RNA which does not occur naturally in epithelial cells: or 
DNA or RNA which occurs naturally in epithelial cells but is not normally expressed in them at levels which 
are biologically significant (i.e., levels sufficient to produce the normal physiological effects of the 
polype^ ^# on ! ,6pK he,ia ^ells pan express genetic material 

s encoding a dominant , selectable marker by. which ce(!s ; .expressing [ -the ^foreign; genetic material can be 

identified. ' .' ... .', .',;','./. ' ^ f .".;"v" t 

In particular, rptrqyiral yectore and the 

genetic rrjateriai encoding the ^electable . mari^i^'intp epitheli^ It is also 

possible to introduce fpr^ign genetic material ..Into other ( epi^elial, cells, 'su of the, cornea, the 

w conjunctiva, the lining of the gastrointestinal tract, the lining of the vagina, and the trachea and into bone 
marrow cells. Expression of these genes by the keratinocytes into which they have been incorporated has 
also been demonstrated. A method of using retroviral vectors which have recombinant genomes to 
Introduce the two types of genetic material into epithelial cells is also a subject of the present invention. 
There are many advantages to transplantable epithelial cells of the present invention which make them 

is very useful. For example, an epidermis having keratinocytes of the present. Invention would actually 
synthesize the polypeptide (e.g., a hormone, enzyme, drug) encoded by the. genetic material incorporated 
into it according to the present invention. The epidermis would thus serve, as a continuous delivery system 
for that polypeptide. In this way, the often-encountered problem of patient compliance with a prescribed 
regimen would be avoided because the hormone or other polypeptide would be constantly diffused into the 

20 bloodstream. In addition, there is no need for extensive (and often expensive) purification of the polypep- 
tide. Before an isolated polypeptide, such as insulin, can be injected into the body, it must be extensively 
purified and characterized. Using epithelia having keratinocytes modified according to the present invention, 
however, once the gene has been isolated, , it can be Introduced into the cells, which will produce the 
polypeptide horrpone as It would normally be produced. (In the case of insulin, for .example, as it would 

25 normally be produced in the pancreas.) 

Another advantage to the use of a graft haying keratinocytes of the present invention is that by 
controlling the size.of the graft, the amount of the polypeptide' delivered to the body can be controlled. In 
addition, because it is a skin graft, it c^ be. excised if there is no longer a need for the polypeptide being 
produced. For example, if delivery of the pqlypeptjde (hormone, enzyme, or drug) is : necessary only for a 

30 specific period, the engineered, graft can beTemoved when treatment is . no longer needed, - 

Another important advantage of the deliy^iy, system possible as a result of this invention is that because 
it is a continuous delivery , system, the fact that polypeptide hormones, have very short half. Jives is not a 
drawback. For example, the half life of HGH is about 1| minutes and in .the case, of native; insulin (pure 
insulin) It is about 3-4 minutes. '■ Vv Z . ^ • " . V ^ 

35 Because genes can be introduced into keratinocytes using a retroviral vector, they can be "on" (subject 
to) the retroviral vector control; in such a case, the gene of interest is transcribed from a retroviral promoter. 
A promoter is a specific nucleotide se^u^nce, recognized by RNA polymerase molecules that start RNA 
synthesis. It is possible to make retroviral .vectors haying promoter elements (in addition to the promoter 
incorporated in the recombinant retrovirus) .which are responsible for the transcription of the gene For 

40 example, it is possible to make a construct in which there is an additional promoter modulated ,.by an 
external factor or cue. and in turn to control the. level of polypeptide being produced by the keratinocytes by 
activating that external factor or cue. For" example, heat shock proteins are. proteins encoded by genes in 
which the prompter is regulated by temperature. The promoter of the gene, which encodes the metal- 
containing protein metallothionine Is responsive to Cd ions. Incorporation of this promoter or another 

45 promoter influenced by external cues also makes ft possible to regulate the production of the polypeptide 
by the engineered keratinocytes. 

Brief Description of the Drawings 

so Figure 1 is. a schematic representation of a typical murine leukemia virus (retroviral) genome. 

Figure 2 is a schematic repriesentetion of a recombinant retroviral genome into which the neo gene has 
been incorporated. .... ' ' ~ 

Figure 3 is a block diagram of one embodiment of the method, used ; to introduce a dominant selectable 
marker (the neo gene) into keratinocytes. 
56 Figure 4 is a schematic representation of a recombinant retroviral, genome having the neo gene and a 
gene encoding human growth hormone (HGH). 

Figure 5 is a pictorial representation of one embodiment of the procedure used to produce, detach and 
transplant an epithelial sheet In which the keratinocytes have foreign genetic material and genetic material 

4 



C0009976 



EP 0 228 458 B1 



encoding a dominant selectable marker. 

Figure 6 is a graph prepared according to Example 4 representing the quantity of parathyroid hormone 
secreted in the designated time periods. 

s Detailed Description of the Invention 

It is possible to incorporate in fens'plahtable epithelial cells foreign ^genetic /material which can be 
expressed in those cells. The foreign genetic material can be DNA or RNA which does not occur in 
epithelial ceils; or DNA or RNA which occurs in epithelial cells but is not expressed in them at levels which 

70 are biologically significant (levels sufficient to produce the normal physiological effects of the polypeptide it 
encodes). In addition, transplantable epithelial cells of the present Invention can express genetic material 
encoding a selectable marker by which cells expressing the foreign genetic material can be identified. 

For' example, foreign genetic 'material encoding a hormone can be introduced into keratinocytes by 
cocuitivation of the keratinocytes with a feeder layer producing infectious virus in which there is a 

T5 recombinant genome having the foreign genetic material. The recombinant genome can also have genetic 
material encoding a dominant selectable marker! In particular, keratinocytes can be cocultlvated with Psi am 
cells, which produce infectious viruses in which there is a recombinant genome having genetic material 
encoding human growth hormone. As a result, it is possible to make keratinocytes expressing the neo gene 
and the foreign genetic material encoding HGH; that is, as a result of this invention, it is po$sible~to~make 

20 keratinocytes expressing a dominant selectable marker and a polypeptide not normally expressed by such 
cells at biologically significant levels. ' ; V / 

Keratinocytes expressing the two types of genetic material can be grown to confluence; removed as an 
epithelial sheet from the culture vessel in which they were grown; and applied to trie body. Thus applied, 
the epithelial sheet can provide a continuous supply of the hormone, enzyme or drug made by the 

25 keratinocytes. It is possible to modify or regulate the amount of the hormone, enzyme or drug supplied in 
this way, for example, by using external cues or factors which affect their production/by controlling the size 
of the epithelial sheet applied; or by removing the epithelial sheet ' • 

Cultured Epidermal Cells 

Human keratinocytes can be cultivated in tissue culture under carefuHy controlled conditions. Green and 
co-workers have developed techniques w^hich ;m to grow human epidermal cells or other 

keratinocytes in cultures with fibroblast celis whicri/have been treated' to make therh unable to multiply. The 
presence of fibroblast cell prdducts (supplied from mediu'm harvested from : 'fibro 

3S by Green et al to be essential to iupport 'graw^ of keratinocytes^ Rbrpbla&f ceil density is controlled in 
these cultures to allow epidermal cell colony formation and growth. Using the methods developed by Green 
and co-workers, it Is possible to serially culture human epidermal cells and greatly increase 'the number 
present in the primary culture. These ; cbcultivatiori methods are dtscloisid . in^'U-S. Patent No. 4,016,036 
(1977); U.S. Patent No. 4,304,866 (^ human epidermal cells into 

40 multiple epithelia suitable for grafting, Proceedings * of the National Academy of Sciences, USA, 76:5665- 
5668 (1979); Rheinwald, J.Q. and H. Green, Epidermal growth factor ahd lhe multiplicatibrTof cultured 
human epidermal keratinocytes, Nature , 2(35 , 421-424.(1977), the teach jngs of which are incorporated herein 
by reference. 

Briefly, a specific procedure for the cultivation of keratinocytes involves disaggregation of epidermis into 
45 keratinocytes by means of an enzyme (trypsin) and plating of the cells' onto a Petri dish on which there is a 
feeder layer of lethally irradiated fibroblast cells. The fibrbblast cells are able to attach to the dish and 
provide factors necessary for keratlnocyte growth, but are not themselves able to replicate. The cocui- 
tivation is carried out in Dulbecco's modified Eagle's Media containing 10% fetal calf serum, as well as 
adenine, cholera toxin, hydrocortlsohei trahsferrrh, insulin and epidermal growth factor. ■ 
so Individual keratinocytes cultivated in this Way form colonies which expand aricl grow into larger colonies, 
which eventually fuse to^forrh r an epithelium, this epithelium has several important characteristics which 
mimic those of the' human epidermis; F6r example, each colony *ihitiate8 7 by;"a Single cell forms a stratified 
epithelium. Cell division occurs in ' a layer of basal ceils (those adjac&r ta the bottom of the dish); These 
basaPcells 'are' responsible' for -ail I xelP mu Iti plic^ori and cells that leave the basaf iaye? become terminally 
55 differentiated. In addition, there are abundant keratin proteins presen^ in the cultured' cells; Epidermal cells 
cultured in this fashion have the maih, r cytoi6gicM features of keratinocytes and the cells 1 grown in culture are 
a reasonable approximation of the epidermis. 

Green and co-workers have developed their procedures to the point where it Is possible to start with a 
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small epidermal biopsy (about two cm 2 in size) and, generate large amounts of cultured epithelium in a 
relatively short time. In about one month, it is possible to produce an epidermjs which is approximately two 
meters square or enough to cover the entire body surface. These cells have tremendous proliferative 
capacities in the laboratory and, because they can be cultured so successfully, provide a system of great 
s value. For example, cultured cells have been used as autologous grafts in the treatment of patients with 
severe burns. O'Connor, N,E.,.£t ah, Grafting of bums, .with . cultured epithelium prepared from autologous 
epidermal cells, The Lancet , 75-78 (1981). ' V .V 1 ^ ( 

Retroviral Vectors r ' 

10 

Retroviruses are RIM A viruses; that is, the viral genome is RNA. This genomic RNA is, however, reverse 
transcribed into a DNA intermediate which , is integrated very efficiently into the chromosomal DNA of 
infected cells. This Integrated DNA intermediate is referred to, as a proyirus. As shown in Figure 1. the 
retroviral genome and the proyiral DNA have three genes: the gag, the pol and the env, which are flanked 

75 by two long terminal repeat (LTR) sequences. The gag gene encodes thiTnternal structural (nucleocapsid) 
proteins; the pol gene encodes . the RNA-directed DNA polymerase (reverse transcriptase); and the env 
gene encodes viral envelope glycoproteins. The 5' and 3' LTRs serve to promote transcription and 
polyaderiylation of virion RNAs. ". 

Adjacent to the 5' LTR are sequences necessary for reverse transcription of the genome (the tRNA 

20 primer binding site) and for efficient encapsidation of viral RNA into particjes (the . or Psi, site). Mulligan, 
R.C, Construction of .Highly Transmissible Mammalian .Cloning Vehicles Derived from Murine Retroviruses. 
In: Experimental Manipulation of. Gene Expression, M. Inouye (ed), 155-173 (1983); Mann R., Mulligan R.C. 
and Baltimore, D., Construction of a retrovirus .packaging mutant and its use to produce helper-free 
defective retrovirus; £££, 33:153-159 (1983); ^illiams, PA et 'ah. Introduction of new genetic material into 

25 plurlpotent haematopoietic stem cella of the mouse, Nature , 310:476-480 (1984). 

If the sequences necessary for encapsidation (or packaging of retroviral RNA into infectious virions) are 
missing from the viral genome, the result is a cis defect which prevents encapsidation of genomic RNA. 
The resulting mutant, however, is still capable of directing the synthesis of alL virion proteins. Mulligan and 
co-workers have described retroviral genomes from which these (Psi) sequences have been deleted, as well 

30 as cell lin^s containing the mutant stably integrated into the chpmospme. MuIHgan, R.C, Construction of 
highly transmissible mammalian cloning vehicles . derived from^murine, retroviruses, In: Experimental Ma- 
nipulation of Gene Expression . M. Jnouyl (ed), 1 5^173, (1 983); Mann, FL, Mulligan R.tT and BaJtimore,"DZ 
Construction .of a retrovirus packaging mutant and its use to produce helper-free defective retrovirus, Cell, 
33:153-159 (1983); WHIiams, b.A. ft J|?t^uj^on.qf. now .genetic material into pjuripotent haematopoietic 

35 stem cells of the mouse, Nature , 310:476:480 (1 984). The teachings of th^se publications are incorporated 
herein by reference.''..,' V.'? " " . . 

The Psi 2 cell line described by MuJ.lig^n and co-workers was created by transfecting NIH 3T3 
fibroblasts wjth pMOV-Psi~, which i$.w..g5»tropic Moloney murine, leukemia virus (Mo-;MuLV) cloned pMOV- 
Psi~ expresses all the viral gene products but lacks , a sequence (the. or Psi sequence) necessary for 

40 encapsidation of the vjral genome. pMOV-Psi" expresses an ecotropic viral envelope glycoprotein which 
recogni2es a receptor present only on mouse (and closely related rodent) cells. r ..". 

Another cell line is the NIH Psi am line, which are Psi-2-tike packaging cell lines. The^e Psi-am cell 
lines contain a modified pMOy-Psi-genome in^which the ecotropic envelope glycoprotein has been replaced 
with envelope sequences derived from the amphotropic virus 4070A. As a result, they are useful for 

45 production of recombinant virus with amphotropic host range. The retrovirus used to make the Psi am cell 
line has a very broad mammalian host range (an amphotropic host range) and can be used to infect human 
cells. As long as the recombinant genome has the Psi packaging sequence, the Psi-am, cell line is capable 
of packaging recombinant retroviral [genomes into Infec^pus retroviraJ. particles ■ j... 

The. retroviral genome has been modify a vector capable of 

so introducing new genes into cells. As shown in Figure 2, the gag, the, pol and the env genes ; have all been 
removed and a DNA^segment ; -encoding the n^p ^ne, to^ep.rjni^d in theirTpiace. the neq . gene 
serves as a dominant selectable marker. The retroviral ^sequence which remains part of the recombinant 
genome tRNA.binding site ^d ^e Psu packaging site.^Cpne, . R. ; and Mulligan, R. t 

Hlgh-efflciency gene transfer Into mammalian cells: Generation of helpeir-free recombinant retrovirus with 

55 broad mammalian host range, Proceedings of the . National Academy of Sciences, U.S.A., 81:6349-6353 
(1984). ' ' '. . .... , ,™ _ . ~.:v.', 

I. Introduction of a Dominant Selectable Marker Into Keratinocytes and Verification of its Insertion 
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— Introduct ' on of the neo gene into Keratinocytes 

A cell line producing recombinant amphotropic retrovirus having a recombinant genome is used in 
cocultivation with keratinocytes. As shown in Figure 2, the recombinant genome is comprised of two LTRs 
6 and. in place of the gag, the bor and; the env sequences, a neo gehia. The Psi am cell line; priginally derived 
from a cell line Which can be r^oSified Using ^and^rd techniques to include the recombinant retroviral 
genome, has Been' deposited' witlv the'^^rican :; fype Culture Collection (Roci^ 
number CRL8859. ' " : ' ^ ; ' :: ' v; ^ ; ;t - : ' '• •' ' • - ; - 

The neo gene is a bacterial gene derived frbrn the transpdson Tn5 f which encodes neomycin resistance 
10 in bacteria and resistance to the antibiotic G418 in mammaijan cells. This neo gene acts as a dominant 
selectable marker; its presence In a mammalian cell converts the ceil into one which Will grow in the 
presence of G418. (In its absence, the cell dies in the presence of G418.) As a result, the presence of this 
gene in a mammalian cell ban be deten^ ceNs grown in mecJia which 

contains G418. The recombinant retrovirus having this recombinant genome is referred to as the neo virus. 
75 In one embodiment of this invention, the fibroblast cell line used as the feeder layer for (in cocultivation 
with) keratinocytes is a Psi am line "producing the neo virus at relatively hi^h titers (e.g., between 10* and 
10 s neo units per mil). The neo gene Is introduced into keratinocytes by means of this retroviral vector and 
its presence in the keratinocytes verified. : 

In this embodiment the neo gene was introduced into keratinocytes according to the procedure 
20 represented in Figure 3. The procedure is described in detai fin /Example 1. Psi am line producing the neo 
virus was treated with mitomycin C, which is an antibiotic which crosslinks DNA and thus renders the cells 
unable to divide. They are, however, still capable of producing infectious of 
keratinocytes was plated onto a dish containing the treated Psi am dells, which served as a feeder layer 
producing Infectious virus. : ^ , i 

25 Keratinocyte colonies formed and grew to confluence. At 1 that point, the cells were disaggregated and 
plated onto a different feeder layer which had also been'treated with mitomycin C. Uke the Psi arrv line, this 
feeder layer is resistant to G418 (because it has been engineered to contain the neb gene)! Unlike the Psi 
am line, it does not produce Infectious^ 

process. This is referred to as the Q4l8;^deFlayer^ \ : ' ! : ' 1 ;i;;vVi ' "' L ■ ' '■■ Vi 
30 The disaggr^giated keratin on this G418 resistant feeder layer arid G418 was added 

to the culture. After incubatibn, thbse ceils which were growing were resistant to G4l6; there were no 
colonies growing up from control cells (uninfected cells). The (^8, ^ to be Viable 

normal keratinocyte colonies, Indicating that the neo gene had been ih^ and : expressed in these 

cells via the retroviral vector. * : " ""' • :;v • r.ir --^r : ; ; , <n - ; •* 

B. Verification of the Introduction of the neo gene into Keratinocytes and of the Characteristics of 
Keratinocytes Having the neo gene ; " - . : - ^— — • — — ^ • . 

It is possible, through the use of the recombinant retrovirus (the neo virus) to Introduce hew genetic 

40 material Into keratinocytes without altering the •functional character the recipient keratinbcytes. That 
the neo gene had been introduced into kera^ fte recipient ceils were in 'fact viable 

keratinocytes has been verified, the procedures usee! ato tfe&ribed in Vbater detail in Example 2. 

To demonstrate that these G418 resistant keratinocytes bbnt^ analyses were performed 

on DNA extracted from G418-resistance keratin pcytes and fragmented.!!^ the basis of differences in the 

45 molecular weights of the DNA extracted from feeder bells and the DNA extracted from keratinocytes, it was 
possible to detect the neo gene in the keratinocytes; a neo gene was riot evident in the uninfected cells. 
The neo gene In the keratinocytes Was different in size from tfie neo gene present in the feeder layer: 

It has also been shown that the keratinocytes containing the neo gene are of the normal wild type. This 
has bben demonstrated in several wa£s. For exarnpleV total J^oteiiri extracted from infected and 

so uninfected cells; was'fracti^ jprdfile of the infected cells 

was very ■distinctive ^ke^ proteins In ;kerati and 

46 Kd in si2^) arid these were j a^ ^ualitativel^^ci quantitatively; jn' the unihfected and 

therinfej^ d^mcT^teS the presence of- jnvbludim Irivolucrin 

pMBfifi^ dffl^ehtiation in 

56 keratinocytes 1 ! ^ differentiation marker' of keratihocytesl the G41 8 

r fsjstant ^® ra ^^ c ^?? V; wQf®' also siibwn by electrW tb : have the" appbararice' of ' normal 

keratinocytes: that is;^G4l 8 resistant keratinocytes colonies wereifive or six cell layers thick and contained 
keratin filaments, tonofilaments, and numerous desmosomes-all : hallmarks of normal keratinocyte cdlbnies. 
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G4l8-resistant keratinocytes have also been grown to confluence, segregated as an intact epithelium 
and transplanted onto athymlc or nude mice. This approach demonstrates the ability of the epidermis to 
continue to differentiate, a process only partially evident In tissue culture. This Is carried out in the following 
manner which is described in greater detail in Example 3. G418 Tesistant keratinocytes v/ere grown using 

5 the G41 8 feeder layer; .growth continued until adjoining colonies, fused and became, confluent The sheet of 
epidermal cells wap lifted off, the dish v a^ the size of the culture 

vessel. The epithelium was transplanted to an appropriate recipient, which tn this case was an athyrnic or 
nude mouse. Because the athymic or nude mouse lacks a thymus, it is incapable of rejecting transplanted 
tissue. ' ... ' . \ [ , \ ' t .. ■ 

io To determine whether the transplant worked, thin sections of this epidermis were made about two 
weeks after transplantation and the presence of involucrin determined. This was done for example, by 
immunoassay making use of antibodies to involucrin, which, as mentioned previously, is a distinctive 
terminal differentiation marker for keratinocytes. As a result, it has been demonstrated that new genetic 
material was introduced into the keratinocytes by means of the retroviral vectors described above. In 

75 addition, it has been shown that this information could be expressed by the keratinocytes; that is, selection 
for keratinocytes resistant to G418 indicated, expression of the neo gene. 

IL Introduction of a Dominant Selectable Marker and Foreign Genetic Material into Keratinocytes and 
Assessment of Expression of the Foreign Genetic Material ~ 

The recombinant retroviral vectors having the neo gene also have a cloning site. This makes it possible 
to introduce foreign genetic material into the vectoFInd to have it expressed by keratinocytes cocultivated 
with the recombinant retrovirus. At the Bam H1 cloning site, It is possible to insert foreign genetic material. 
The foreign genetic material can be. DNA or, RNA, which does not occur in epithelial cells; DNA or RNA 

25 which occurs in epithelial .cells but js notexpressed by them at levels which are biologically effective (i.e„ 
leve|s sufficient to produce, the normal physiological effects . of the polypeptide it encodes); DNA or RNA 
which occurs in epithelial, ,cells and ..has jb^n modified; so that jt is , expressed by epithelial cells; and any 
DNA or RNA which can be modified to be expressed by : epithefiat .cells, alone or in any combination 
thereof. For example, it is .possible. to clone into this site in the.retrqvirai vector a cppyof thegene encoding 

30 human growth hormone (HGH). ,HGH is a polypeptide of about 29,000 Daltons whi^is nprmaliy secreted 
only by the hypothalamus! Although the HGH gene is present in keratinocytes^^ in, those 

cells at biologically significant .levels. Keratippcytes capable of making a polypeptide . hormone such as 
HGH, or another substance not normally made by such cells at biologically significant levels, can be 
transplanted onto an individual and serve as a continuous supply system for the hormone or other 

35 substance. 

This process is described with reference to huhnan growth hormone, but it is to be understood that any 
gene could be introduced into keratinocytes and its expression by the cells assessed in a similar manner. 
The procedure is described , in greater detail, in Example 3. A Psi am line which produces a recombinant 
retrovirus having the gene of interest - here, the human growth hormone gene rcan be constructed. A 
40 modified DNA segment encoding a cDNA of human growth hormone is Itgated into the Bam H1 site of 
plasmid DNA having a recombinant retroviral genome; in one embodiment this is the neo gene. The 
plasmid is isolated and transfected onto Psi am cell. Psi am cells producing the HGH-neo recombinant virus 
construct, which is represented, in Figure 4, are isolated as G418 resistant colonies. " 

The Psi am cells producing the HGH-neo recombinant virus construct are used as the feeder layer in 
45 cocultivation with disaggregated keratinocytes. After cocultivation with the, Psi am cells producing the HGH- 
neo recombinant virus construct, the keratinocytes are allowed to grow to confluence; are disaggregated 
into keratinocytes; and cocultivated with the G418 resistant cell line as previously described. 

The ability of keratinocytes, which ( ,have been cocultivatejd with the recombinant, retrovirus having a 
recombinant genome co^taininig. foreign, genetic material, to .express the foreign genetic material can be 
so assessed * using several tec^ greater detail in Example 3. 

^ { a^ result, it has been demon^ated, triat keratinocytes are able to, .secrete a polypeptide hormone 
which is normally not .secreted at ,bio)pgicgJly significant levels by keratinocytes and^additipnally,. that they 
can secrete this hprmone at close to phy siologi^/concentrations. Transplantation of the , epithelium which is 
secreting human grovtf h hormone (e.g ., onto an t athy mic mouse), can be , used to demonstrate whether it can 
55 secrete .sufficient quantities to produce a, systemic, effect The manner, in which 'this. ■transplanted of 
epidermis h^ing t keratinocytes in which new genetic material (e.g., the neo gene, and a selected gene 
encoding a polypeptide of interest) can t be done is outlined in . Rgure 5. ~~~ \ ■ 

It is possible to make an epithelium, En which the keratinocytes have new genetic materia), suitable for 

8 

C0009980 



EP 0 228 458 B1 



grafting onto a recipient. The recipient could be the original source of the epithelial cells or could receive a 
graft from an appropriately matched donor. As shown In Figure 5, a section of epidermis Is disaggregated 
into / individual keratinocytes, which are ^cultivated with a Psi am line producing both the neo gene and the 
gene of interest. G418-resistant keratinocytes "'are selected, grown to "confluence and~detached as an 
5 epithelium, the detached epithelium is sub v ; r 

At the present time, children who are jdYi^ are treated with human 

growth hormone administered . dally by Injecllori/T^ could iSe freated by a skin graft 'having 

keratinocytes secreting human growth hormona^ _ ; r 

w III Introduction of the neo gene and Foreign Genetic Material Encoding Polypeptides Other Than HGH 

Genes encoding polypeptides other than HGH can also be introduced into keratinocytes by means of 
the retroviral vector. For example, genes encoding parathyroid { hormone (PTHJ and insulin have been 
introduced Into keratinocytes along with the neo gene. Parathyroid hormone is a polypeptide involved in the 

75 regulation of calcium in the body. Insulin is a polypeptide which regulates glucose levels in the blood- 
stream. Unlike HGH. each of these polypeptide horrtiones requires processing of the polypeptide before it 
can be active. For example, parathyroid hormone has a presequence and a prosequence at the amino 
terminus of the protein. Insulin is a peptide made of a and b chains which are connected by disulfide 
bonds. The precursor to insulin, however, contains another fjeptide, the c peptide. During the processing 

20 this c peptide must be cleaved out in order to yield active insulin molecules. To date, this cleavage has 
been shown to be carried out in pancreatic cells and possibly by neuron cells. 

IV. Use of Other Dominant Selectable Markers In the introdu ction of Genetic Material Encoding Polypep- 
ticks ' " "■■ - — — - ■ -:. - — — — 

25 ' • ' 

It is also possible to use dominant selectable, markers other than the neo gene to introduce new genetic 
material Into keratinocytes. For example, the. His D gene can be used Wlhis purpose. The His D gene is a 
bacterial gene from Salmonella and encodes" histidinol d^ a polypeptide which converts 

histidinol to histidine. Histidine js an i essential amihp^^ analogue of histidine and 

3d can be converted to' histidine under' the^ prpper^ media containing 

histidinol but lacking Hfstidih^, those ceils having ^ can convert histidinpi to histidineJBecause 

histidine is essential to ti^ have the His D gene (and thus can make histidine) 

will survive and those lacWnjg the gene 'will hot;'. " ,r ' <: Vl " s: *"* ~ r \ l,? " ° t / Ul< >v: " 4 r ; 1 : ' 

A retrovirus vector haying the His; D gene been used to infect ^ The keratinocytes 

35 containing His D gene Were selected by growing these cells in ''m^'ia^i^fdng' histidine but containing 
histidinol. As expected, keratinopytes having the His D gene .'formed cb|onies and grew to confiuence;' those 
lacking the gene did not. In fact, such ceils occurred at a much hlglieV|lr^qUenby than those in which the 
neo gene was included. . 1 ''•';'" 1 "''"' " ! ' ; ; •''•'^ : "•''•'•*' ' Vv - v ; " " 

As a result of this work, It is also possible to use independent dominant selectable markers (e.g., the 

40 ^ gene and the His D gene) to introduce new genetic material into; keratinocytes! in the case of 
polypeptides which ' have two, different suburiits, for exay^ 

be used to introduce the genetic information encoding ' the'^o subunits. ln addition, two or more dominant 
selectable markers could be used in the case of polypeptides which need to be specifically cleaved or 
processed in order to become active (e ; g., insulin and parathyroid ! hormone). A gene encoding the 
45 necessary processing enzyme could be' introduced along with trie 'gene encoding the polypeptide hormone 
requiring such processing. This would enable keratinocytes to process that polypeptide hormone. 

V. Uses of Keratinocytes Having Foreign Genetic Material 

so It is also pbssibie to use yehiclets' pfjher^.ari ^'ratroyirujsas to geheticaliy engineer or modify keratinocytes 
and bther epithelial cells. New genetic informal into kera^pcytes by means of any 

virus which' can express the n^ ceNs?F6r e^ 

virus and human papilloma virus cdulH be Used for this purpose. Human papilioma^ 
waYts.'m'ay be particularly useful for a^ieast^triree reasVrik 

55 Second, jts genome is circular and in L transiFormed ceils, it remains circular arid replicates extra- 
chromosomally (elg.r Its DNA does not integrate into genomic DNA 
does). Third, a large number of copies f (e;g ; /betweeh 50 and : 200) of ifie^vlrai 'DNA Is macW^er^sformed 
cell, this Is particuiarly useful because tansfbrmed cells are therefore able to prcxjuce'large quantities of 
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the polypeptide encoded by the new genetic material (e.g., hormone, enzyme, etc.). 

The present invention rn^kes it possible to ^genetically engineer transplantable keratinocytes capable of 
forming, epithelia which can secrete products .(e.g M clotting factors, Immunoregulatabie . factors, and polypep- 
tide hormones) into the, bloodstream continuous drug 

s delivery system to replace pre^ol regimens^ [by ingestion, injection, 

etc.) of the needed substar^ continuous, delivery of insulin, 

which at the present time, "must be isolated from the pancreas, extensive purified and .then injected into 
the body by those whose insulin production or utilization is impaired. In this way, insulin could be 
introduced into the body, via a .ronJnuoust. dmg delivery system and there would.be rip, need. for, daily 

w injections of insulin. Genetically engineered epidermis can also be used for the production of clotting 
factors. Hemophiliacs lack a protein called Factor VIII. which is involved in clotting. Factor VIII is now 
administered by injection; keratinocytes haying genes encoding Factor VIII, can be used to make epithelia 
and producing Factor VIII; as a skin graft, the tissue would secrete the, factor into the bloodstream. 

. Another application for , an epidermis haying genetically engineered keratinocytes is in birth control. 

76 Tests are underway now for using a polypeptide hormone called lutenizing hormone releasing hormone 
(LHRH) in regulating fertility. Continuous administration of LHRH results in a sterile individual; when 
administration ceases, the individual is again fertile.. Rather than taking LHRH injections or oral medication, 
one could have a small graft continuously secreting LHRH to provide the same effect In the event that the 
person wanted to regain fertility, this transplant could be excised and delivery of the polypeptide hormone 

20 would cease. 

Another application of keratinocytes having hew genetic material" is in the treatment of Acquired Immune 
Deficiency Syndrome (AIDS). Interleukin 2 and vlnterleukin 3, which stimulate the immune system, are 
potentially valuable in the treatment of AIDS and could be delivered by a skin graft having keratinocytes 
genetically engineered to produce these two polypeptides (which are now administered by periodic 
25 injection). 

Another use of genetically engineered keratinocytes is to change hair growth patterns in an individual or 
to grow hair in culture for transplantatipn. Because | ha^riormation is genetically controlled and hair is an 
epidermal appendage, keratinocytes have potential 

Another application, is to impr^ has several important 

30 properties.. It provides a ; barrier, io the external,^ resilient and, has very 

excellent, protective! qualities, the recombinant r^^oy i ral ly ectpr . of this? invention $oM be used tojntroduce 
genes into the skin which would improve its consistency or improve the basic function of the skin. As an 
example, the epidermis y$lch is .found on Re soles of the feet. and the 'heels and . palms of the hands is . 
much thicker than the ; epidermis found^ qther., areas "of the body, in addition, that epidermis contains a 

35 keratin protein of a distinct moiecujar weight. Once this gene is cloned, It can be introduced into a skin 
transplant that could be . placed in an area where a tougher skin is desirable. For example, this might be 
useful in the case of an immobilized patient, for whom bed sores might be a severe problem. A skin graft 
could be engineered to be much tougher and more resilient than skin occurring in. those areas where bed 
sores develop (e.g., back buttocks, legs); its application could provide protection for that patient Another 

40 potential, use which requires changing the. skin's characteristics is in treatment (^victims with, severe burn. 
In this case there are several needs for sWri to grow very rapidly in, order to prevent infection, etc. Using 
this vector system, it is possible to engineer a skin or an epidermis which would be much more suitable for 
someone who had a severe burn. 

Another use of the present invention is in the treatment of enzyme defect diseases. In this case the 

45 product (polypeptide) encoded by the gene introduced into keratinocytes Is not secreted (as are hormones), 
but is an enzyme which remains inside the cell. There are numerous cases of genetic diseases in which the 
patient lacks a particular enzyme and is not able to metabolize various amino acids or other metabolites. 
The correct genes for these enzymes could be introduced into a skin transplant; the transplant would then 
(^rry out that metabolic^ example, J^ere is affected lack the 

so enzyme, adenosine enzyme is. inwiyedjn the erf purinesTtb' uric acid. It might 

be possible, udng ^et present invention, to produce a, ^Idn^g^cap^Sle ^producing the missing enzyme 
at sufficiently 1^ the blood as itpasses through.the area to which i the graft is applied. 

,.fr^ foreign genetic/ ; material introduced Recording to. the ; ,present 

invention can also be, used as transdermal drug delivery systems. In .such systems, the drug is applied to 

55 the surface of , the ; epidermis . arid diffuses into the bloodstream through the. epidermis. An example of 
transderrnaily.^admi^ currently used i: for , prevention of motion ^Qkness. An (mportant 

limitation to fransdermal dnug .dpjiygiy, . however, is that .tfie drug must be permeable to the epidermal outer 
layers; it must be lipid soluble in order to be able to penetrate these layers and be effective. 
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This limitation can be eliminated, however, using epidermis having keratinocytes modified according to 
the present invention. For example, in the case of a drug which (in its active form) is not lipid soluble, the 
drug could be made in a lipd soluble - but inactive - form which can pass through the epidermis. It can then 
be applied to a skin graft having keratinocytes genetically engineered to be able to convert the lipid 
5 solubte7ihactive drug;into -a water soluble/active form/ The drug could then pass into the bloodstream and 
produce the desired effect. 

The present' iriverition also has veterinary applications. It can be used, for example, In delivering 
substances such as drugs (e.g., antibiotics) and hormones to animals, which would otherwise be provided 
by being incorporated into .their feed, added to their water or' irijebted peri^ally (e.g., daily or less 
w frequently). Use of the modified epithelial cells of the present invention has the advantage that the tissue 
formed of the modified epithelial cells can be applied to the anirhal and will provide quanitites of the 
encoded protein on an ongoing basis, thus eliminating the need for daily/periodic administration of the 
substance. ' ' 

This invention will now be illustrated by the following examples:" 

is 

Bcampte ^ Introduction of a neo gene into Keratinocytes 

The neo gene was introduced into keratinocytes according to the procedure represented in Figure 3. 
Psi am line producing the neo virus was treated with mitomycin C at 5 micrograms per mil at about 37° for 

20 about two hours in Dulbecco's Modified Eagle's Media (DME) without serum. 'Mitomycin C is an antibiotic 
which crosslinks DNA and thus renders the cells unable to divide. However, the cells are still capable of 
producing infectious virus. Psi am cells were treated with mitomycin C on a 10 centimeter dish and washed 
several times with DME. The suspension of keratinocytes was plated onto this dish. As a result, the feeder 
layer used was one producing infectious virus. 

26 Keratinocyte colonies formed several days later and grew to confluence. At that point the cells were 
trypsinized (treated with the enzyme trypsin) to disaggregate them into single cdils and plated onto a 
different feeder layer which had also been treated with mitomycin C. Like the Psi am line, this feeder layer 
is 6418 reslstant'(because it h^s been engineered to contain' the neo gbne). Unlike the Psi am line, it does 
not produce infectious virus. As a result, it can serve as a feeder layer during the selection process. This is 

30 referred to as the.G418 feeder layeK 1 n! ; ' ? ; ; : : ! ! " c : 

The disaggregated keratinocytes were plated on this G41 8 resistant feeder layer and G418 was added 
at a final concentration in tfto media of between; 6.5 aricfl mgsV per irnil.' After about two weeks of 
Incubation, those <&J&whi^ colonies 'grciwing up 

from control cells (uninfected ceiis). The; G418 resistant C0i1s r ap^ear'ed to be viabie normal keratinocyte 

35 colonies, indicating that the neo gene had been introduced info and exprbssed : in th^se ceils via the 
retroviral vector. : ' ; f ; ' r 

Sample 2 Verification xrf the Introduction of the neo gene into Keratinocytes and Characterization of 
Keratinocytes Having the neo gene * • ~~ — r — 

It is possible, through the use of the recombinant retrovirus (the neo virus) to introduce new genetic 
material into keratinocytes without altering this functional characbristicspf the recipient keratinocytes. That 
the neo gene had been introduced into keratinocytes and that the recipient cells were in fact viable 
keratinocytes has been verified. - r: ~ - : v 

45 To demonstrate that these G418 resistant keratinocytes contain the neo gene, a Southern blot analysis 
was performed on DNA extracted from G41 ^resistance keratinrc et al.. In: Molecular 

Cloning: A Laboratory Manual , Cold Spring Harbor, NY (1982). The DNA wsts digested by restriction 
enzymes and a Southern blot hybridization analysis performed. On the basis of differences in the molecular 
weights of the DNA extracted from feeder cells and the DNA extracted from keratinocytes, it was possible 

so to detect the neb gene in the keratinocytes; a neo gene was nbt evident in the un^ cells. 1 The neo 

gene in the keratinocytes was different in size from the neocene/ present in the feeder layer. ~ " 
It has aiiso been shown that the keratinocytes contialning the neo gene are of the normal wild type! This 
has been diembristrated in several Wa^For example!' total $aill protein' Was extracted from infected and 
uninfected cells; fractionated by SDS'polyacr^ by Coomas- 

55 ie blue stain. The protein profile of the infected cells was very distinctive of keratinocytes. There are four 
major keratin proteins In keratinocytes (58/56, 50 arid 46 Kd ln size) and these were at normal levels, both 
qualitatively and quantitatively, in the uninfected and the infected keratinocytes. 

The presence of involucrin was also determined/ involucrin is the precursor protein of the crosslinked 
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envelope which is distinctive of terminal differentiation in keratinocytes. It is therefore a distinctive terminal 
differentiation marker of keratinocytes. A Western blotting technique demonstrated the presence of in- 
volucrin. Towbin, H. et al... Proceedings of the National Academy , of Sciences, U.S.A. , 76:4350-4354 (1979)- 
*I h - W$ resistant keratinocytes wer^ also shown by .electron microscopy to ( ,have~the appearance of 

5 normal keratinocytes. the EM pictures show that the G418 resistant keratinocytes colony was five or six 
ceil layers thick. They, also reveal v , the. presence of keratin filaments, r tpnpfijaments, and numerous 
desmosomes--all hallm^ks of norm ' ' 

The G41&resisten^^ hive a|so been grown to confluence, .segregated as an /intact *' 

epithelium and transplanted onto "athymic or nude mice. ; This approach ^demonstrates the ability of the 

10 epidermis to continue to differentiate, a process only partially evident in tissue culture, this was carried out 
in the following manner. The (341? resistant keratinocytes were grown on a Petri dish, using the G418 
feeder layer, until adjoining colonies fused and the dish was covered with keratinocytes. Using an enzyme 
called Dlspase, the sheet of epiderrnal cells was lifted off the dish using the method described by Green 
and Kehinde. Green, H. and Kehinde, 6., U.S. Patent No. 4,304,866; Green. H. et al., Growth of cultured 

is epidermal cells into multiple epithelia suitable for grafting, Proceedings of the "National Academy of 
Sciences, U.S.A. . 76:5665-5668 (1979). At that point, the sheet contracted to aboufhalf the size of the disfT 
The epithelium was placed on Vaseline gauze and transplanted to an athymic or nude mouse. Because the 
athymic or. nude mouse lacks a thymus, if is incapable of rejecting "transplanted tissue. '. 

To determine whether the transplant has worked, thin sections of this epidermis are made about two 

20 weeks after it is transplanted. Using antibodies , to involucrin, which is a protein distinctive of human 
epidermis and, as mentioned previously, a distinctive terminal differentiation marker for keratinocytes, the 
presence of transplanted human epidermis was detected. As a result, it has been demonstrated that new 
genetic material was introduced into the keratinocytes by means of the retroviral vectors described above. 
In addition, it has been shown that this , information could be expressed by the keratinocytes; that is. 

25 selection for keratinocytes resistant to G418 indicated expression of the neo gene. 

Example 3 Introduction of the neo gene and Foreign Genetic Material into Keratinocytes . 

A. Introduction of the neo gene and the gene encoding human growth hormone (HGH) 

30 .. . . t , . v . ... . . ~~* ' 

The recombinant retroviral , vectors having the neo gene also have a, cloning site. This makes it possible 
to introduce foreign genetic material' into .the, vector and. to. have it expressed by keratinocytes cocultivated 
with the recombinant virus. It is possibl^ H1 cloning site. 

For example, It is possible to clone Into this site in the retroviral vector a copy of the gene encoding human 

35 growth hormone (HGH). HGH is a polypeptide of about 29.000 Daitons which is normally secreted only by 
the hypothalamus. Keratinocytes capable of making a polypeptide hormone (such as HGH) or another 
substance not normally made, by such cells could,, be transplanted onto an .individual and serve as a 
continuous supply system for the hormone or other substance. 

This process is described with reference to human growth hormone, but it is to be understood that any 

40 gene could be introduced into keratinocytes, and its expression by the cells assessed in a similar manner. A 
Psi am line which produces a recombinant retrovirus having the gene of interest - here, the human growth 
hormone gene - was constructed in the, following way. t Plasm id DNA having the recombinant retroviral 
genome (having the neo gene) was digested with Bam H1. A modified DNA segment encoding a cDNA of 
human growth hormone was llgated into this site, Jhe plasmicl having the proper orientation of the HGH 

45 gene was isolated and transfected onto Psi am cell using the Ca** phosphate technique. Graham. R. and 
Vander Eb, A., Virology , 52:456-467 (1973). Psi am cells producing the HGH-neo recombinant virus 
construct, which is represented in Figure 4, were isolated as G418 resistant colonies. 

The Psi am cells producing the HGKbneq recombinant virus construct were used as the feeder layer in 
cocultivatioh with disaggregated keratinocytes. The same procedure as described previously for .introduction 

so of the neo gene alone was followed to infroduce the HGH-neo construct into keratinocytes. That is. after 
cocultiyation with the Rsi, am cells producing the. HGH-nep Te^pmbinant virus construct, the keratinocytes 
were allowed to grow to confluence; yvere . disaggregateoTinto^ keratinocytes; and cocultivated with the NIH 
3T3 derived cell line , having Gil 8 resis^tance as previously described. : 

55 5: Assessment of Expression of the Human Growth Hormone Gene by the Keratinocytes 

The keratinocytes were assessed for their ability to express the foreign genetic material (in this case, 
the human growth hormone gene). 
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An immunoprecipitation method utilizing keratinocytes metaboiically labeled with 35 S methionine was 
used to detect the presence of HGH in the cultured keratinocytes. In the case of human growth hormone, 
^'^. is secre ted into' the media, supernatants were assayed. Antibody specific to HGH was added to the 
media j : and allowed to ? ^mplex ; with ! the HGH. the antibody-HGH complex was precipitated using 

5 St f p !iy l0( r 0t:us aureus bacie^ to precipitate th^.'The c^ treated (e.g. by washing 

arid bbilihg 'In an SbS~ buffer)" so ^ : 'to "separate the 'two compori^ SDS 
polyacrylamide gel and dried down, the radioactive proteins we>e^ With 
specific size markers it was possible to detect the presence of HGH secreted into the mediaV^ using 
protein standards having known molecular weights, it is possible to construct a standard' curve Showing 

10 molecular weight against distance travelled on the gel and to determine the molecular Wefohf fef f the protein 
secreted by the keratinocytes. A highly purified 125 1 labelled HGH was used as a very specific marker. 
Therefore, the results are highly conclusive in the identification of HGH. Secretion of HGH was shown to be 
unique to the keratinocytes with trie HGH-neo recombinant virus; uninfected keratinocytes" and those 
infected solely with the neo virus secreted no HGH. Keratinocytes having tHV HGH-neo recombinant virus 

rs are on deposit with the American Type Culture Collection (Rockville, MD) uhcter depbsirnufnber CRL8858. 

Using radiolmrhuno assay, which is an excellent method for determining precise amounts of the 
hormone, it was possible to determine that there was in Excess of 30 to 50 nanograms HGH per milliter in 
the media. This shows that HGH is secreted by the keratinocytes at levels WhicH are similar to physiological 
concentrations. (Human serum normally contains 1-5ng HGH per mil.) 

20 Thus, this demonstrates that keratinocytes are able to secret a polypeptide hormone which is normally 
not secreted by keratinocytes and, additionally, that they can secrete this hormone at close to physiological 
concentrations. 

Example 4 Introduction of Foreign Genetic Material and Determination of Graft Size Needed for Production 
25 of Encoded Material at Physiologically Significant Levels ■ ~~ ~ ■ T ~~* i ~ ~ 

A. Introduction of the neo gene and the gene encoding parathyroid hormone (PTH) 

A recombinant retrovirus containing a copy pf tfie gene encoding parathyroid hormone (^TH) was 
30 constructed according to the method described in Example 3. the re^ into 
human keratinocytes by the method described in Example 3. Keratinocytes resistant to G418 were selected 
and the population of such cells expanded arid allowed to'-grow'to'confluence'.''' 1 ^ 1 : 1 

Confluent cultures of G418 resistant keratinocytes were assayed for synthesis Wid secretibrt of PTH in. 
the following manner. A 75 cm 2 flask of a confluent culture of rnodified keratinocytes. was used for 
35 measurement of the quantity of PTH secreted. At time zero! the me^dia was" removed and 20 7 ml of fresh 
media added. At 4 hour intervals, aliquots of the media were removed and frozen. The level of PTH In these 
aliqubts was measured using a standard radiqimmune assay specific br PTH. the result of the assays are 
as follows: ' ,,; "' v • <'•• :: ' ' • 



40 



45 



Time PTH/20ml . 

(hours) (micrograms) 

4 2.2 

8 4.0 

12 6.0 

16 ' 7.0 
so 1 * " 20 "■ "•• ■ 7 .4 •" ' " 

24 ' lO^.olI^; ■ . . 

55 B. Calculation of PTH secretion rate and estimation of size of graft necessary for effective PTH delivery 

the rate of PTH secretion by the keratinocytes was determined from the slope of the plot of quantity of 
PTH secreted vs. time (Figure 6). Use of this information in conjunction' ["'with' information 6ri the surface area 
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of the epithlium secreting PTH made it possible to calculate .the rate of PTH production per square 
centimeter (cm 2 ) of epithelium. The rate of PTH production was determined, in this .manner to be 
1 .4ng/4minutes/cm 2 . This was. determined as follows: The rate of secretion, is 425ng/mL as read frpm the 
s|ope ; of ^e, curve shown in Figure 8. The epithelium, in the c 75cm? flask Is equivalent to 20cm 2 because, 
s after jt js .detec^ dlspace, the,,. epitnelium shrinks to, about one-fourth its size. 7 

Therefore, the rate per surface area is: r 7 ^".7. '7 • ; ' 7 ."' '7 .'. ' ' 

425ng/hour/2pcm? . '.' '" 7 X '" ! ' ' ; ." ' ' \\ 7" 

7ng/minute/20cm 2 

0. 35.g/minute/cm 2 , .7' 
io 1.4ng/4minutes/cm 2 

From this information, the size of a graft necessary to deliver PTH at physiologically significant levels 
was determined. For example, PTH is present in plasma at a concentration of 1-5pg/ml. and a 70 Kg man 
has 2730 mj. of plasma and a total PTH content of 13.6ng. The half life of PTH in plasma is approximately 4 
minutes, To supply I3.6ng of PTH every 4 minutes (which is more than sufficient to meet the, needs of a 
15 70Kg man) a graft 9.7cm 2 in size would be needed. A graft of this size would r not only provide 
physiologically significant levels of PTH, but also be cosmetically acceptable to a patient (user) and 
convenient to graft. In addition, genetic .modification of keratinocytes necessary to produce a graft of this 
size would be a reasonably easy task. * 

20 Industriai Utility 

This invention has industrial applicability in providing hormones, enzymes and drugs to mammals, 
including humans, in need of such substances. For example, it can be used to provide a continuous, supply 
of a hormone which otherwise would be administered on a periodic basis by injection or oral administration. 
25 It is particularly valuable in providing such substances, such as human growth hormone, which are needed 
for extended periods of time. 

Claims 

Claims tor the following Contracting States: B£ CH, DE, FR, GB, IT, LU, NL, SE 

30 ' . ' \, ■ '. ' ' . " 7' 

1. Transplantable epithelial cells expressing foreign genetic material not normally expressed by the cells 
at biologically significant levels. r , > r ; . 

2. Transplantable cejls according to , claim 1 , wherein the cells are keratinocytes. " 
35 , s ' 7 7 7 .' . , 

3. Transplantable cells according to claim 1 or claim 2, in which the foreign genetic material is DNA or 
RNA which does not occur naturally in the cells; or DNA or RNA which occurs naturally in the cells but 
is not normally expressed in them at levels which are biologically significant. 

40 4. Transplantable cells according to claim 1 or claim 2, wherein the foreign genetic material encodes a 
hormone e.g. a fertility-regulating hormone, an enzyme or a drug. 

5. Transplantable cells according to any one of the preceding claims, wherein the cells are human 
keratinocytes. 

45 

6. Transplantable cells according to any one of claims 3, 4 and 5 additionally comprising genetic material 
which encodes at least one dominant selectable marker, e.g. a gene encoding antibiotic resistance. 

7. Transplantable keratinocytes expressing foreign genes encoding polypeptides not normally made at 
so biologically significant levels in keratinocytes and a neo gene, said neo gene being a bacterial gene 

derived from the transposon Tn5. ~ 7 ~ : * 

8. Transplantable cells according to any one of the preceding claims, wherein the foreign genetic material 
Is incorporated into the cells in a retroviral vector. 

55 • 

9. Transplantable keratinocytes having incorporated therein recombinant amphotropic retrovirus having a 
recombinant genome comprised of: 

a) long terminal repeat sequences, the tRNA binding site and the Psi packing site derived from 
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amphotropic Moloney murine leukemia virus; . . 

b) genetic material encoding at least one selectable marker, for example a dominant selectable 
marker e.g. a neo gene. . ■ 1 

c) foreign genetic material, for example encoding human growtt hormone. 

s 1 '"' ' '' ;s: - ; "-" l - ■ i • • ' •"- 

10. A method of making transplantable keratinocytes which v express foreign genetic material and genetic 
material encoding at least one dominant selectable marker, comprising: 

a) forming a culture of keratinbcj^ tlfeated tb prevent their multiplication, the 

fibroblast 'cells 'producing an [infectious recombinant retrovirus having a recombinant genome 
ro comprised of foreign genetic material; and 

d) maintaining said culture under conditions conducive to cell growth whereby keratinocyte colonies 
are formed. 

11. A method according to claim 10, in which the foreign genetic material encodes a hormone, an enzyme 
75 or a drug not normally expressed In keratinocytes at biologically significant levels. 

12. A method according to claim 11, in which the recombinant genome additionally comprises genetic 
material encoding at least one dominant selectable marker. 

20 13. A method according to claim 12, in which the fibroblast cells are ATCC CRL8859 having incorporated 
therein the neo gene and the gene encoding human grpwth hormone. 

14. The keratinocytes of ATCC CRL8858 in culture. 

26 15. A method of making transplantable sheets of epithelial cells, comprised of keratinocytes expressing 
foreign genetic material, comprising: 

a) Introducing foreign genetic material Into keratinocytes, and 1 

b) cuituring said keratinocytes to make transplantable sheets. 

30 16. A method of making transplantable sheets of keratinous tissue comprised of keratinocytes expressing 
foreign genetic material, the method cohriprising^ 

a) cuituring keratinocytes and fibroblast cells treated to prevent their multiplication in. a culture 
vessel, the fibroblast cells producing an infectious recombinant virus havingj a recombinant genome 
comprised of foreign genetic material: ' Vv ' : -^' c —- ' ' u \ v ' v ' "\ 

35 b) maintaining said culture under conditions conducive to cell growth, whereby a sheet of keratinous 

tissue is formed on a surface of the vessel; and r a u ' ' 

c) removing said sheet of keratinous tissue from the surface of the vessel. 

17. A method according to claim 18, in which the recombinant genome additionally comprises genetic 
40 material encoding at least one dominant selectable marker. 

18. A method according to claim ^16 or claim 17, in which the sheet of keratinous tissue is contacted with a 
neutral protease under conditions sufficient for enzymatic detatchment of the sheet from the surface of 
the vessel. ' 

19. Transplantable cells according to claim 1 or claim 2, for use in therapy. 

20. Transplantable cells according to claim 4 in sheet form, for use in grafting to the body to provide a 
delivery system for the hormone, enzyme or drug. 

so ■ . • ' " v ; ■ ' _ 

21. Transplantable keratinocytes in sheet form according to claim 20, having incorporated therein a 
recombinant retrovirus having a : recombinant genome corn^ of: 

a) the' genetic material encoding the hbirmone, enzyme or drug; 

b) the long terminal repeat sequences, the tRNA binding site and the Psi packaging site derived 
55 from amphotropic retrovirus; and ' i !v ' ■ ' 

c) at least one promoter of eukaryotic origin. 

22. A transplantable sheet according to claim 21, In which: 
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a) the recombinant genome is additionally comprised of a promoter of eukaryotic origin which can 
be modulated by an external cue; or 

b) the recombinant genome Js additionally comprised: of genetic material encoding at least one 
dominant selectable marker, e.g. a gene encoding antibiotic resistance or a gene that complements 
a genetic defect in the rjqst species. 

23. Use of keratinocytes expressing foreign, genetic material encoding ahormone, an enzyme or a drug; for 
the manufacture of a sheet of said keratippcytes for grafting to the body to provide a delivery system 
for the hormone, enzyme or drug. 

Claims for the following Contracting State: AT 

1. A process for the preparation of transplantable epithelial cells expressing foreign genetic material not 
normally expressed by the cells at biologically significant levels, comprising infecting the cells with a 
virus in which there is a recombinant genome having the foreign genetic material. 

2. A process according to claim 1 wherein the transplantable cells are keratinocytes. 

3. A process according to claim 1 or claim 2 in which the foreign genetic material is DNA or RNA which 
does not occur naturally in the cells; or DNA or RNA which occurs naturally in the cells but is not 
normally expressed in them at levels which are biologically significant. 

4. A process according to claim 1 or claim 2, wherein the foreign genetic material encodes a hormone eg 
a fertility-regulating hormone, an enzyme or a drug. 

5. A process according to any one of the preceding claims, wherein the cells are. human, keratinocytes. 

6. A process according to any one of claims 3, 4 and 5 wherein the transplantable epithelial cells 
expressing foreign genetic material additionally comprise genetic material which encodes at least one 
dominant selectable marker, eg. a gene encoding antibiotic resistance. . 

7. A process according to claim, 1 wherein said .transplantable epithelial cells expressing foreign genetic 
material are transplantable keratinocytes expressing foreign genes- encoding polypeptides not normally 
made, at biologically signicant levels in kera^ and a neo gene, said neo gene being a bacterial 

35 gene derived from the transposon Tn5. — ~~ . 

8. A process according to any one of the preceding claims wherein the foreign genetic material is 
incorporated into, .the cells in a retroviral vector. 

A process according to claim 1 wherein said transplantable epithelial cells expressing foreign genetic 
material are transplantable keratinocytes having incorporated therein recombinant amphotropic retro- 
virus having a recombinant genome comprised of: 

a) long terminal repeat sequences, the tRNA binding site and the Psi packing site derived from 
amphotropic Moloney murine leukemia virus: 

b) genetic material encoding at least one selectable marker, for example a dominant selectable 
marker eg. a neo gene; 

c) foreign genetic material, for example encoding human growth hormone. 

10. A method of making transplantable keratinocytes which express foreign genetic material and genetic 
so material encoding at least one dominant selectable marker, comprising: 

a) forming a culture of keratinocytes and fibroblast cells .treated to prevent their, multiplication, the 
fibroblast cells producing , an infectious recombinant retrovirus having a recombinant genome 
comprised of foreign genetic material; and /.! 

b) maintaining said culture under conditions conducive to cell growth whereby keratinocyte colonies 
56 are formed. 

11. A method according to claim 10, in which the foreign genetic material encodes a hormone, an enzyme 
or a drug not normally expressed in keratinocytes at biologically significant levels. 

16 
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12. A method according to claim 11, in which the recombinant genome additionally comprises genetic 
material encoding at least one dominant selectable marker. 

13. A method according to claim 12, in which the fibroblast cells are ATCC CRL8859 having incorporated 
5 therein the neo gene and the gene encoding human growth hormoriei 

14. A 'process according^ epithelial cells expressing foreign genetic 
material afe the kera^ 1 ' '" 

ro 15. A method of making transplantable sheets of epithelial cells, comprised of . keratinocytes expressing 
foreign genetic material, comprising: 

a) introducing foreign genetic material Into keratinocytes, and 

b) culturing said keratinocytes to make transplantable sheets. 

76 16. A method of making transplantable sheets of keratinous tissue comprised of keratincytes expressing 
foreign genetic material, the method comprising: 

a) culturing keratinocytes and fibroblast cells treated to prevent their multiplication In a culture 
vessel, the fibroblast cells produdng an infectious recombinant virus having a recombinant genome 
comprised of foreign genetic material; ^ \ 

20 b) maintaining said culture under conditions conducive to cell growth, whereby a sheet of keratinous 

tissue is formed on a surface of the vessel; and 

c) removing said sheet of keratinous tissue from the surface of the vessel. 

17. A method according to claim 16, in which the recombinant genome additionally comprises genetic 
26 material encoding at least one dominant sellable maimer. f- t; "' - - ,! 

18. A method according to claim 16 or claim 17, In which the sheet of keratinous tissue is contacted with a 
neutral protease under coriditions sufficient for enzymatic detacfiment of the sheet from the surface of 
the vessel. ; " : ' ' i: ''' J1 :/ : * ' " ' • ; : '• '"' ' 

19. A process according to claim 4 wherein the trarvspiantable cells are in sheet form. ' 

20. A process according to claim 19 wherein the transplantable ' 6elis J sur^ '^ahsjpl^nft^le^kertinGk^tas' having 
incorporated therein i 'a rebombiriant retrov^ of: 

as a) the genetic material encoding the hormone, enzyme or drug; " ' 

b) the long terminal repeat s^uences, toe tRNA binding site and the Psi packaging site derived 
from amphotroplc retrovirus; arid '^'' ; \ / ; "'. 

c) at least one promoter of eukaryotic origin. 

40 21- A process according to claim 20 wherein 

a) the recombinant genome is additionally comprised of a promoter of eukaryotic origin which can 
be modulated by an external cue; or v 1 

b) the recombinant genome is additionally comprised of genetic material encoding at least one 
dominant selectable marker, eg. a gene encoding antibiotic resistance or a gene that complements a 

45 genetic defect in the host species. 

22. Use of keratinocytes expressing foreign genetic material encoding a hormone,' an enzyme or a drug; for 
the manufacture of a sheet of said keratinocytes for grafting to the body to provide a delivery system 
for the hormone, enzyme or drug. v " v '' ' " " 

50 ' ' * " ; "' "* " *"■■"' " ' l : " ' '"; 

Revendicatfons 

Revendlcatlons pour les Etats contractants suivants: BE, CH, DE, FR, GB, IT, LU, NL, SE 

1. Cellules epithSliales transplantables exprimant un materiel genetique Stranger qui n'est normajement 
56 pas exprimS par les cellules h des niveaux biologiquement signifiqatifs. ' 

2. Cellules transplantables selon la revendication 1, ces cellules Stant des keratinocytes; 
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3. Cellules transplantables selon la revendication 1 ou 2, le materiel genetique Stranger etant de I'ADN ou 
de I'ARN qui n'apparalt pas naturellement dans les cellules; ou de I'ADN ou de I7VRN qui apparait 
naturellement.dans lesxellules mais n'est normalement pas exprimS dans celles-ci k des niveaux qui 
sont biologiquement signlflcatifs. ' ■ 

A - QS\W%^Pl™WZS * I? revendlcatiqn,1^u ,2, Ie,mat6riel^netiqu9 Stranger codant pour une 
hormone, par exemple une hormone de regulation de la .fecondfe, pour une enzyme ou pour une 
drogue. ' " ' '• ■'" ■ !,) 

w 5. Cellules transplantables selon l'une quelconque des' revendications 1 k 4. ces cellules etant des 
keratinocytes humains. 

6. Cellules transplantables selon rune quelconque des revendications 3 k 5. comprenant en outre un 
materiel genetique qui code pour au moins un marqueur selectionnable dominant, par exemple un gene 

75 codant pour la resistance aux antibiotiques. 

7. Keratinocytes transplantables exprimant des gfenes ..Strangers , codant pour des polypeptides non 
produits normalement k des niveaux biologiquement signlflcatifs dans des keratinocytes et pour un 
neo-gene, ce neo-gene etant un gene bacterien derive du transposon Tn5. 

20 ~ ' ■ ■ ■ ■ • 

8. Cellules transplantables selon Tune quelconque des revendications 1 k 7, le materiel g^netique 
etranger etant incorpore dans les cellules dans un vecteur retroviral. 

9. Keratinocytes transplantables dans lesquels est incorpore un retrovirus amphotrope recombinant ayant 
25 un genome recombinant constitue par: 

a) de longues sequences rSpetitives terminates, le site de ; liaison d'ARNt et le site de compactage 
de Psi, derives de virus amphotrope de la leucemie murine, de Maloney;, 

b) un materiel genetique codant pour au moins un marqueur" selectionnable, par. exemple pour un 
marqueur selectionnable dominant, par exemple un neo-gene; 

30 c) un materiel genftique etranger, par exemple, codant pour une hormone de croissance humaine. 

10. Procede de prepay transplantables qui expriment un ( materiel genetique etranger 
et un materiel, genetique codant pour au mqins,un marqueur selectionnable dominant. comprenant les 
operations consistant .' . ; ." '. 1 " ; / " ' 

a) k former une .culture de keratinocytes et de cellules fibroblastes traces pour emp§cher leur 
multiplication, les cellules fibroblastes produisant un retrovirus recombinant infectieux ayant un 
genome recombinant constltue par un materiel genetique.etranger; et 

b) k maintenir ladite culture dans des conditions conduisant au developpement des cellules, de 
maniere k former des colonies de keratinocytes. 

11. Procede selon la revendication 10, dans lequel I le materiel genetique etranger code pour une hormone 
une enzyme ou une drogue non exprimee normalement dans des keratinocytes k des niveaux 
biologiquement significatifs. 

45 12. Procede selon la revendication 11, dans lequel le genome recombinant comprend en outre un materiel 
genetique codant pour au moins un marqueur selectionnable dominant. 

13. Precede selon la revendication 12, dans lequel les cellules fibroblastes sont des cellules ATCC 
CRL8859 dans lesquelles sont incorponis le neo-gene et le gene codant pour I'hormone de croissance 

60 humaine. 

14. Keratinocytes d'ATCC CRL8858 en culture. 

15. Proceed de preparation de feuilles transplantables de cellules epitheiiales, composees de keratinocytes 
55 exprimant un materiel genetique etranger. comprenant les operations consistant: 

a) k introduce un materiel genetique etranger dans des keratinocytes, et 

b) k cultiver lesdits keratinocytes pour preparer des feuilles transplantables. 
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16. Procdd^ do preparation de feuilles transplantables de tissu keratinique constitue par des keratlnocytes 
exprimant un materiel genetique etranger, comprenant les operations consistant: ; *' 

a) cultiver des keratinocytes et des cellules fibroblastes trait^es pour empecher leur multiplication 
dans un recipient de culture, les cellules fibre-Wastes produisant un vims recombinant infectieux 

s ayant un genome constitui'par un materiel gen^tique Stranger; ' ; ' ' 

b) a' maintenir ladite culture dans des conditions conduisaht' au d^yelbp^ement des cellules, de sorte 
qu'une feuille de tissu keratinique solt formSe sur une surface du^re'b^pient: et'' 1 ' ' l ' 

c) i retlrer ladite feuille. de tissu keratimque. de la surface du recipient. 

10 17. Procede selon la revindication i6; Hans lequel le SSnonie recombinants un materiel 

genetique codant pour au moins un marqueur seiectionnabie dominant. 1 

18. Precede* selon la revendication 16 ou 17, dans lequel ladite feuille de tissu keratinique est mise en 
contact avec une protease neutre dans des conditions suffisantes pour la separation enzymatique de la 

75 feuille d'avec la surface du recipient. 

19. Cellules transplantables selon la revendication 1 ou 2, destinies a etre utilisees en therapeutique. . 

20. Celluies transplantables selpn la revendication 4 sous forme de feuille destinee a etre uti lisee par 
20 greffage au corps pour constituer un syst&me dispehsateur de ('hormone, de I'enzyme ou de la drogue. 

21. Cellules transplantables sous forme de feuille selon la revendication 20, dans lesquelles est incorpore 
un retrovirus recombinant ayant un genome recombinant constitue par: 

a) le materiel genetique codant pour Thorhione, iynzyme ou la drogue; ' . 

25 b) les longues sequences r£p£titives terminales, le site de liaison d'ARNt et le site de compactage 

de Psi derives de retrovirus amphotrope; et 
cj au moins un pro^ 

22. Feuille transplantable selon la revendication 21 , dans laquelle; 

30 a) le genome recombinant est constitue en " outre par;Vn Jpromoteur d'origine eucarybtique qui peut 

etre module par urV iridicateur exterieuir{ ou '' J \ 1 " ■■ 

b) le genome recombinant e&^ materiel genetique cbdant pour au moins un 
marqueur seiectibnnable dominant, par exemple un g&We codant pour urie resistance aux antibioti- 
ques ou un gene qui compiemente un defaurg6h^tique dans I'esp&ce hdte. ' 

35 • . _ ' . \ '. f _ . _. v - _ '. ; 

23. Uti lisation de ke ratinocytes exprim ant une m atiere genetique etrarige re cbdarit pour une hormone , une 
enzyme ou une drogue, pour la" preparation 5 d'une feullie greffage au 
corps pour constituer un systems dispensateur de I'honmone, de Pehzyme bu' deia drc^'uei 

40 Revendlcations pour i'Etat cbntractant sulvant AT ' . . , . 

1. Procede de preparation de cellules epitheiiales transplantables, exprimant up materiel genetique 
etranger qui n'est nomrialement pas exprime par ies cellules a des niveaux biologiquement signiflcatifs, 
comprenant I'operation consistent a' Infecter les cellules avec uri virus daris lequel it y a un genome 

45 recombinant ayant le materiel genetique etranger. 

2. Precede selon la revendication i, dans lecjuel les celluies transplantables sont des keratinocytes. 

3. Propede selon la revendication 1 ou 2, dans lequel le materiel genetique etranger est de I'ADN ou de 
so TARN qui ri'apparatt pas naturel lament dans 5 les cellules; bu de TADN bu de I'ARN qui apparaft 

naturellement dans les cellules mals n'est hormalemeht pas exprinrie dans celle^ci a 3es niveaux qui 
sont biologiquement sigriiftcatifs 1 . ' ! " •' : ' ' \ : " 0m 

4. Precede selon la revendication 1 ou 2, dans lequel le materiel genetique etranger code pour une 
65 Hormone, par exemple une hormode de regulation de la feconditS, pour une enzyme ou pour une 

drogue. "'" ' ' ' ,1 ,;!;i;K; "'^ v - <i " , ' 1-: v < ; " '■ ^ 

5. Precede selon Tune quelconque des revendlcations 1 a 4, dans lequel les 'cellules sont des keratinocy- 
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tes humains. 

Procdd^ selon rune quelconque des revendications 3 a. 5, dans lequei.^les cellules SpithSliales 
transplantables exprimant le materiel gSnStlque Stranger comprennent en outre un matSrie! gSnetique 
qui. code pour au molns un marqueur, sSlectionnable dominant, par exemple un gfcne codant pour la 
resistance aux antibiqtiques. . ; ... . 

ProcSdS selon la revendication i, dans lequei lesdites cellule I© 
materiel gSnetique etranger sont de£ keratinocytes, transplantables, expriman^des gfenes Grangers 
codant pour des polypeptides nori produits normalement a des niveaux biologiquement significatifs 
dans des kSratinocytes et pour un nSo-gfcne, ce nSo-g§ne etant un g£ne bacterien dSrivS du 
transposon Tn5. 

8. ProcSdS selon rune quelconque des revendications 1 a 7, dans lequei le materiel gSnStique Stranger 
75 est incorporS dans les cellules dans un vecteur retroviral. 

9. ProcSde selon la revendication 1, dans lequei lesdites cellules SpithSliales transplantables exprimant ie 
materiel gSnStique Stranger sont des kSratinocytes transplantables dans lesquels est incorpore* un 
retrovirus amphotrope recombinant ayant un gSnome recombinant constotuS par: 

a) de tongues sequences rSpetitives terminates, le site de liaison d ARNt et le site de compactage 
de Psl, derives de virus amphotrope de la leucSmie murine de Maloney; 

b) un materiel gSnetique codant pour au moins un marqueur. seiectionnable, par exemple pour un 
marqueur sSlectionnabl ; e dominant par exemple un nSo-g≠ 

c) un materiel genetique etranger, par exemple codant pour une hormone de croissance humaine. 
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ProcSdS de preparation de keratinocytes transplantables qui.expriment un materiel genetique Stranger 
et un materiel genetique codant pour au moins un marqueur sSlectionnable dominant,' comprenant les 
operations consistent , ( , ■, 

a) a former une culture cte keratinocytes et de cellules fibroblastes traitees .pour emp§cher ieur 
multiplication, les cellules fibroblastes produlsant v un v ' retroyirus recombinant infectieux ayant un 
gSnome recpmb|nant ; <»nstituS g>. materiel genetique Strang . , 

b ) ^HTaiOteriir ladite culture daris des conditio "au deveioppement des cellules, de 
mantere a former des coto 1 

Procede selon la revendication 10, dans, lequei le materiel gSnStique etranger code pour une hormone, 
une enzyme, ou une drogue, non exprlmSe normalement dans des kSratinocytes a des niveaux 
biologiquement significatifs. J' \. / . . . 

12. Procede selon la revendication 11, dans lequei le genome, recombinant comprend en outre un materiel 
40 genetique codant pour au moins un marqueur sSlectionnable dominant 

13. ProcSde selon la revendication 12, dans lequei les cellules fibroblastes sont des cellules ATCC 
CFL8859 dans lesquelles sont incorpores le neo-g&ne et le gene codant pour Phormone de croissance 
humaine. 
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14. ProcSdS selon la revendication 1, dans lequei . les .cellules SpithSliales transplantables exprimant un 
materiel gSnetique etranger sont les keratinocytes d'ATCC CRL8858. 

16. Procede de preparation de feuilles transplantables de cellules Spitheiiales, composSes de keratinocytes 
so exprimant .un matSnetl genetique Stranger, comprenant jes ; OfDS rations ponsistant: 

a) a introduce un material gSnetique etranger dans des keratinocytes 

b) a cultiver lesdits keratinocytes pour preparer des feuilles tra^ 

16. ProcSde deVreparatipn de feuiiles transplantables de L tissu kSratinique cpnstituS par des kSratinocytes 
55 exprimant un materiel gSnStique Stranger, comprenant les operations consistant: 

a) cultiver des kSratinocytes et des cellules fibroblastes traitSes pour emp§cher Ieur multiplication 
dans un rScip^nt de culture,, l?s cellules .fibroblastes produisant un virus recombinant infectieux 
ayant un gSnome constituS par un matSriel genetique Stranger; 
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b) & maintenir ladite culture dans des conditions conduisant au dSveloppement des cellules, de sorte 
qu'une feuille de tissu k£ratinique soit forrrtee stir une surfacedu recipient; et 

c) k retirer ladite feuille de tissu k^ratinique de la surface du recipient ' 

s 17. Prbd§d£ selon la revendication 16. dans Iequel je genome recombinant comprend en outre un materiel 
g£netique ccxiant pour au moins un marqueur sei^SlonnadDle dpminahf. " 

18. ProaSdS selon la revendication 16 ou 17, dans jeqiie! la feuille de tissu keratinique'est mise en contact 
avec une protease neutre daris des cohditiohs suffisantes pour la separation ehzymatique de la feuille 

w d'avec la surface du recipient. , 

19. Proc£d6 selon la revendication 4, dans tequel les cellules transplantables sont sous forme de feuille. 

20. Procede" selon la revendication 19, dans Iequel les cellules transplantables sont des keVatinocytes 
75 transplantables dans lesquels est incorporS un retrovirus recombinant ayant un genome recombinant 

constltu£ par: 

a) le materiel gen6tique codant pour rhormone, renzyme ou la drogue; 

b) les longues sequences. r^p^titives ; terminates, |e site _de liaison d'ARNt et le site de compactage 
de Psi d£riv£s de retrovirus amphotrope; et ' 

20 c) au moins un promoteur d'origine eucaryotique. 

21. Proc&te selon la revendication 20, dans Iequel: 

a) le gSnome recombinant est constitu£ en outre par un promoteur d'origine eucaryotique qui peut 
§tre mod u IS par un indicateur exterieur; ou 
26 b) le genome recombinant est constitue en outre par un materiel genetique codant pour au moins un 

marqueur seMectlonnable dominant, par exemple un g^ne codant pour la resistance aux antibiotiques 
ou un gene qui compldmente un d^faut geh&tlque dans I'espece hdte. 

22. Utilisation de keVatinocytes exprimant une matiere g&neticjue 6trangere cpdant pour une hormone, une 
30 enzyme ou une drogue, pour la preparation d'uhe feuille desdits keratinocytes utilisable par greffage au 

corps pour constituer un systeme dispensateur de i'hormone, de I'enzyme ou de la drogue. ^ 

Patentansp rllche 

PatentahsprUche fUr folgende Vertragsstaaten: BE, CH, DE, FR, GB, IT, LU, NL, SE 

1. Obertragbare Eplthelzellen. die genetisches Fremdmaterial exprimleren, das^ normaler- 
weise nicht mit biologisch signif ikanten Konzentrationen exprlrhlert wird. - 

2. Obertragbare Zellen nach Anspruch 1, wobei die Zellen K^ratinozyten sind. 

40 _ ■ , y ' . . ! ; ; t f y ' . ' " l ^ ^ r .. "... 

3. Obertragbare Zellen nach Anspruch 1 oder Anspruch 2, bei denen dais genetische Fremdmaterial DNA 
oder RNA ist, die nicht natOrlicherweise in den Zellen vorkommt, oder DNA! "oder RNA, die nattlrlicher- 
weise in den Zellen vorkommt, jecloch normalerweise ih ihheh* nicht in konzeritrationen exprimiert wird, 
die biologisch signifikant sind. ' \.\ ' , " 

45 . T ... . " . 

4. Obertragbare Zellen nach Anspruch 1 oder Anspruch 2. wobei das genetische Fremdmaterial ein 
Hormon codlert, z.B. eln Fruchtbarkeitregulatlonshormon, eln Enzym oder ein Arznelmittel. 

5. Obertragbare Zellen nach einem der vorhergerienden AnsprfJche, wobei die Zellen menschliche 
so Keratinqzyten sind. , v .. . . , . 

6. Obertragbare Zellen nach einem der AnsprUche 3, 4 und 5; die zusMtzlich ein genetisches Material 
umfassen, das zumindest einen dominanten selektierbaren Marker codiert, z.B^ein Gen, das Antibioti- 
karesistenz codlert. 

56 ' v " ' ' 

7. Obertragbare Keratinozyten, die normalerweise nicht in biologisch signifikanten Konzentrationen In 
Keratinozyten geblidete Polypeptide urid eln Neo-Gen exprimieren, wobei das Ne&Gen eln vom 
Transposoh Tn5 abgeleitetes Bakteriengeri ist 
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8. Obertragbare Zellen nach einern\der vorhergehenden Ansprilche. wobei das genetische Fremdmaterial 
in die Zellen In elnem Retrovirusvektor inkorporiert ist. 

9. Ob?r^w. ; ^n^qrten mit einem In diesen Inkorpprierten rekombinanten. amphotropen Retrovirus 
s mit einem rekombinanten Geiipm. bestehend jus, 

a) langen termlnalen Wederholungssequenzen.' mbei'W'tF^-Bindungsstelle' und die Psi-Pak- 
^^'l^.^.^n^.arnphojbw.peo Mqloney : MauseieukSmievirus abgeleitet 3ind 

b) genetische ; m Material, das ^mind^ einen selektierbaren Marker, zum Beispiel einen dominan- 
ten selektierbaren Marker, z.B. ein Neo-Gen, codiert, und ' 

10 c) genetfschem Fremdmaterial. das zum Beispiel menschliches Wachstumshorrnbn codiert. 

10. Verfahren zur Herstellung Qbertragbarer Keratinozyten. die genetisches Fremdmaterial und genetisches 
Material exprimleren, das zumindest einen dominanten selektierbaren Marker codiert. darin bestehend 
daS 

is a) eine Kultur von Keratinozyten und Fibroblastzellen gebildet wlrd, die so behandelt sind dafl ihre 

Vermehrung verhipdert wird, wobel die Fibroblastzellen einen infektiSsen rekombinanten Retrovirus 
mit elnem rekombinanten Genom produzieren, das.aus genetischem Fremdmaterial besteht, und 
b) die Kultur unter ein Zellwachstum begflnstigenden Bedingungen gehalten wird, wobei Keratinozyt- 
kolonien gebildet werden. 

20 

11. Verfahren nach Anspruch 10. be! dem das genetische Fremdmaterial ein Hormon. ein Enzym Oder ein 
Arzneimittel codiert, das normalerweise nicht In Keratinozyten in biologisch signifikanten Konzentratio- 
nen exprimiert wird. 

25 12. Verfahren nach Anspruch 11, bei dem das rekomblnante Genom zusStzllch genetisches Material 
umfaflt, das zumindest einen dominanten selektierbaren Marker codiert. 

13. Verfahren nach Anspruch 12. bei dem die . Fibroblastzellen aus ATCC CRL8859 mit dem darin • 
inkorporierten Neo-Gen und dem das rnenschljche Wachstumshqrmon codierenden Gen bestehon. 

14. Die Keratinozyten von ATCC CRL8858 als Kultur 

15. Verfahren zum„,Herstel]en qbertragbarer Schichten ,. von Epithelzellen. gebildet von genetisches Fremd- 
material exprimlerenden Keratinozyten, darin bestehend. dafi 

a) genetisches fremdmaterial in Keratinozyten eingefUhrt wlrd. und 

b) die Keratinozyten zur HersteHung pbertragbarer Schichten gezUchtet werden. 



30 



35 



16. 



Verfahren zum Herstellen Ubertragba:er. Schichten aus Keratingewebe. gebildet aus genetisches 
Fremdmatenal exprimlerenden Keratinozyten, wobei das Verfahren darin besteht, da/3 

a) Keratinozyten und fOr .eine Verhinderung, ihrer .Vermehrung behandelte. Fibroblastzellen in einem 
ZQchtungsgefafl gezOchtet werden, wobei die Fibroblastzellen ein infekfases rekombinantes Virus 
mit einem rekombinanten Genom. praduzieren, das von genetischem Fremdmaterial gebildet ist 

b) die Kultur unter ein Zellwachstum begQnstigenden Bedingungen gehalten wird. wobei' eine 
Schicht aus keratlnem Gewebe auf elner OberflSche des GefSfles gebildet wird. und 

45 c) die Schicht aus keratinem Gewebe von der OberflSche des GefSBes entfernt wird. 

17. Verfahren nach Anspruch 16, bei dem das rekombinante Genom zusatzlich genetisches Material 
umfafit, das zumindest einen dominanten selektierbaren Marker codiert. 

so m Verfahren nach Anspruch 16 oder Anspruch 17, bei dem die Schicht aus keratinem Gewebe mit einer 
neutr ^r? ; Fratease unter Bedingungen fOr eine enzymatische Ablfisung der.Schicht von der Oberflache 
des Gefafles in,BerOhrung gebracht wird. . . "" ' • :t! . .... .., 

19. Obertragbare Zellen nach Anspruch 1 oder Anspruch 2 fUr eine Verwendung in der Therapie. 

55 , 

20. Obertragbare Zeljen nach Anspruch 4 in ' Schichtform, zur Verwendung In der Transplatatlon auf den 
Korper zur Schaffung eines Liefersystems <0r des Hormon, das Enzym oder das Arzneimittel. 
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21. Obertragbare Keratinozyten in Schichtform nach Anspruch 20, mit einem inkorporierten rekombinanten 
Retrovirus mit einem rekombinanten Genom, bestehend aus 

a) dem das Hormon, das Enzym oder das Arzneimittel cpdierenden genetischen Material, 

b) den langen terminalen WiaderholurigsseqUenzen, der tRNA-Bindurigsstelle und der Psi-Packungs- 
5 stelie. abgeleitet von einem 

c) zumindest einem Pro^ 

22. Obertragbare Schicht nach Ansphuch 21,'bei dem 

a) clas rekombinante Genom zusgtzlich von einem Promqtor eukaryotischen Ursprungs gebildet ist, 
io der von einem SuAe'ren Signal mbdulibrt werden 

b) das rekombinante Genom zusatzlich von genetischem Material gebildet ist, das zumindest einen 
dominanten selektierbaren Marker codiert, z.B. ein Antibiotikaresistenz codierendes Gen oder ein 
Gen, das einen genetischen Defekt in der Wirtspezies komplementiert 

is 23. Verwendung von Keratinozyten, die ein Hormon, ein Enzym oder ein Arzneimittel codierendes geneti- 
sches Frerndmaterial exprimieren, zur Herstellung einer Schicht der Keratinozyten fUr eine Transplanta- 
tion auf den Kflrper zur Schaffung eines Liefersystems fOr das Hormon, das Enzym oder das 
Arzneimittel. 



20 Patentansprilche fUr folgenden Vertragsstaat AT 

1. Verfahren zur Herstellung Ubertragbarer Epithelzellen, die genetisches Frerndmaterial exprimieren, das 
von den Zellen norrrialerweise nicht mit biologtsch signifikanfeh Konzentrationen exprimiert wird, darin 
bestehend, daC die Zellen mit einem Virus infiziert werden, in dem sich ein rekombinantes Genom mit 

25 dem genetischen Frerndmaterial befindet. 

2. Verfahren nach Anspruch 1 , wobei die Qbertragbaren Zellen Keratiohdzvteii sihd. 

3. Verfahren nach Anspruch 1 oder Anspruch 2, bei dem das genetische Frerndmaterial DNA oder RNA 
30 ist, die nicht natUrlicherweise in den Zellen vorkommt, oder DNA oder RNA, die natUrlicherweise in den 

Zellen vorkommt, jedoch nbrmalerweise in ihnen nicht in Ko^ wird, die biologisch 

significant sind. - * , V! .1 

4. Verfahren nach Anspruch 1 oder AnspruCh 2, wobei das genetjsche Frerndmaterial ein Hormon codiert, 
35 z.B. ein Fmchtbarkeitregulatiohshbrmon.eiri 

5. Verfahren nach einem der vorhergehenden AnsprUche, wobeT die Zellen rnenschliche Keratinozyten 
sind. ■ • ••■ ■ ' ' "' ' ! 

40 6. Verfahren nach einem der AnsprUche 3, 4 und. 5, wobei die genetisches Fremdmateriai exprimierenden 
Qbertragbaren Epithelzellen zusatzlich ein genetisches -Material iimfassen^bas zumindest einen domin- 
anten selektierbaren Marker codiert, z.B. ein Gen, das Antibiotikaresistenz codiert 

7. Verfahren nach Anspruch 1, bei dem die genetisches Frerndmaterial exprimierenden Obertragbaren 
45 Epithelzellen Obertragbare Keratinozyten sind, die normaierweise nicht in biologisch signifikanten 

Konzentrationen in Keratinozyten geblldete Polypeptide codierende Fremdgene und ein Neo-Gen 
exprimieren, wobei das Neo-Gen ein vom Transposoh Tn5 abgeieitetes Bakteriengen ist. 

8. Verfahren nach einem det vorhergehenden wobei das genetische Fremdmateriai in die 
so Zeiieri in eiriem Retrovirusvektqr ^ inkbrporiert ist' 

9. Verlahreh bach Anspruch 1^ bei ! dem die; genetisches Fremdmateriare^rM Obertragbaren 
Epithelzellen Obertragbare Keratinozyten mit eiriem i in dieseri u inkorporierteri rekombinanten amphotro- 
pen Retrovims mit einem rekombinanten 

55 a) langen terminalen Wiederholungssequenzen, wobei die tRNA-Bindungsstelle und die Psi-Pak- 

kungssteile von einem amphotropen Mo loney-Mauseleukamie virus abgeleltet sind, 
b) genetisches Material, das zurniridest eirien selektierbaren barker, zum Beispiel einen dominanten 
selektierbaren Marker, z.B. ein Neb-Gen, codiert, und 
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c) genetischem Fremdmaterial, das zum Beispiel rrienschliches Wachstumshorrnon codiert. 

Verfahren zur Herstellung Obertragbarer Keratlnozyten, die genetisches Fremdmaterial und genetisches 
Material exprimieren, das zumindest einen dominanteaselektierbaren Marker codiert, darin bestehend 

daS ;"' ■ ' • . ; • " j; - v - -■■ 1 • 

a) eine Kultur von Keratinozyten und FibroblastzelleW gebiidet wird, die so behandelt sind, dafi ihre 
Vermehrung verhindert wird, wobei die Rbrobl^tzellen.^inen jnfektipsen rekombinanten Retrovirus 
mit einem rekornbinanten Genom produzieren, das aus, gisnefe be'steht, und 

b) die Kultur unter ein Zellwachstum be^nstigenden Bedingungen gehalten wird, wobei Keratinozyt- 
kolonien gebiidet werden. "' v ' 

Verfahren nach Anspruch 10, bei dem das genetische Fremdmaterial ein Hormon, ein Enzym Oder ein 
Arzneimittel codiert, das normalerweise nicht in Keratinozyten in blologisch signifikanten Konzentratio- 
nen exprimiert wird. 

Verfahren nach Anspruch 11, bei dem das rekombinante Genom zusStzlich genetisches Material 
umfafit, das zumindest einen dominanten selektierbaren Marker codiert. 

13. Verfahren nach Anspruch 12, bei dem die Fibroblastzellen aus ATCC CRL8859 mit dem darin 
20 inkorporierten Neo-Gen und dem das menschliche Wachstumshormon codierenden Gen bestehen. 

14. Verfahren nach Anspruch. 1, bei dem die genetisches Fremdmaterial exprimierenden Obertragbaren 
Epithelzelien die Keratinozyten von ATpC CRL8858 sind. 

25 15. Verfahren zum Herstellen Obertragbarer Schichten von Epithelzelien, gebiidet von genetisches Fremd- 
material exprimierenden Keratinozyten, darin bestehend, da/J 

a) genetisches Fremdmaterial in keratinozyten eingefOhrt wird und 

b) die Keratinozyten zur Herstellung Obertragbarer Schichten gezOchtet werden. 

30 16. Verfahren zum Herstellen Obertragbarer Schichten aus Ker^atingewebe, gebiidet aus genetisches 
Fremdmaterial exprimierenden keratinozyten, wobei das Verf^ren darin besteht, daj3 

a) Keratinozyten und fUr eine Verhinderung ihrer Vermehrung behandelte Rbroblastzellen in einem 
ZUchtungsgefafl -gezOchtet werden, wobei die Rbroblastzenen ein, InfektiOses rekombinantes Virus 
mit einem rekornbinanten Genom produzieren, das von genetischem ^ ist. 

35 b) die Kultur unter ein Zellwachstum begbnstigenden Bedingungen gehalten wird, wobei eine 

Schicht aus keratinem Gewebe auf einer OberfiSche des GefMiJes gebiidet wird, und 

c) die Schicht aus keratinem Gewebe von der OberflSche des GefMBes entfernt wird. 

17. Verfahren nach Anspruch 16, bei dem (Jas rekombinante Genom zusatziich genetisches Material 
40 umfaflt, das zumindest einen dominant 

18. Verfahren nach Anspruch 16 Oder Anspruch 17, bei dem die Schicht aus keratinem Gewebe mit einer 
neutralen Protease unter Bedingungen fOr eine enzymatische Ablosung der Schicht von der Oberfiache 
des Gefafles in Bertlhrung gebracht wird. 

19. Verfahren nach Anspruch 4, bei dem die Obertragbaren Zelleh Schichtform aufweisen. 

20. Verfahren nach Mspruch 19, bei dem die Obertragbaren Zellen Obertragbare Keratinozyten mit einem 
inkorporierten rekornbinanten Retrovirus mit einem rekombinanten Genom sind, bestehend aus 

so a) dem das Hormon, das Enzym oder das Ar^eimittei coyierehden genetischen Material, 

t>) den langen^terrninalen Wjederho^ der tRNA-Bindungsstelle und der Psi-Packungs- 

stelle, abgeleitet yon einem amphotropen Retrovirus, und 
c) zumindest einem Promoter eu^ 

55 21. Verfahren nach Anspruch 20, bei dem 

a ) 4 as ^HofI)binante Genpm zusatziich von einem Promoter eukaryotischen Ursprungs gebiidet ist. 
der von einem aufleren Signal moduliert werden kann ( oder 

b) das rekombinante Genom zusMtzlich von genetischem Material gebiidet ist. das zumindest einen 
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dominanten selektierbaren Marker codiert, z.B. ein Antibiotikaresistenz codierendes Gen Oder ein 
Gen, das einen genetischen Defekt in der Wirtspezies komplementiert. 

22. Verwendung von Keratinozyten, die ein Hormon, ein Enzym Oder ein Arzneimittel codierendes geneti- 
sches Fremdmaterial exprimieren. zur Hersteilung einer Schicht der Keratinozyten fur eine Transplanta- 
tion auf den Kflrper zur Schaffung eines LiefersystemsfOr das Hormon, das Enzym oder das Arzneimit- 
tel. 
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